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The cardiac cryolesion was first described 
Taylor in 1948 (1) as a 
the ventricular myocardium. 
nitrous oxide cryoablati 
et al. (2) in their study o 
uent production ofcomplete heart bloc: 
At present, cryosurgery is important in both primary and 
adjunctive treatment ofvarious arrhythmias including abla- 
tion of accessory pathways, arrioventricular (AV) node 
reentrant tachycardia, ecropic arriai tachycardia and ventric- 
ular tachycardia (34. 
The unique characteristics of nitrous oxide cryoablation 
make its increasing use more desirable. The lesions pro- 
duced with this method have sharp, well defined borders that 
retain their integrity by fibrosis without conducting electrical 
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therefore may not be a substrate for reentrant 
mitation of nitrous oxide cryoa 
caciously change the depth and 
ion. This limitation is i 
ablation may fail to reach those foci an? pathways (7). 
Currently at least five ways of increasing the siz 
sions are available: 9) decreasing the initial 
temperature (4); 2) increasing the diameter an 
of the cryoprobe (4); 3) increasing the pressure in the tank 
(8); 4) increasing the duration of exposure (4), and 5) using 
repeated freeze-thaw cycles (9,90). 
nitrogen to treat refractory isc 
9ar tachycardia ~~cl~di~g t 
ture on the size, char ristics and electr 
ct of the cryolesions. 
unknown, the elect 
assessed with programmed lectrical stimulattion a! baseline 
and before induced death at 6 weeks by using standard 
electrophysiologic protocols (19). 
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Experimental preparation. Eighteen adult dogs of mixed 
breeds weighing 20 to 25 kg. Each animal was anesthetized 
with intravenous sodium pentobarbital (30 mg/kg body 
weight) and the lungs were ventilated with room air through 
a cuffed endotracheal tube attached to a Harvard ventilator. 
All dogs received humane care in compliance with the 
“Position of the American Heart Association on Research 
Animal Use,” adopted November 1I, 1984 by the American 
Heart Association and the Veterinary Division of Montefiore 
Medical Center. An electrocardiogram (ECG) and blood 
pressure were monitored continuously. The chest was in- 
cised through a left lateral thoracotomy in the fifth intercos- 
tal space. The pericardium was opened and the heart was 
removed from the pericardial sac. 
lectrophysiologic studies, Before introduction f the cry- 
olesions, each dog underwent baseline lectrophysiologic 
study performed at two left ventricular epicardial sites at 
four times the diastolic threshold with the use of a Bloom 
stimulator. The protocol, previously reported and used 
clinically in our institution, consists of single, double and 
triple extrastimuli delivered uring ventricular pacing at two 
rates (I I). Extrastimulus coupling intervals were decreased 
in IO-ms steps until the ventricular effective refractory 
period was estabiished. The extrastimulus was then set 
IO ms beyond the effective refractory period. This pattern 
was repeated for the second and third extrastimuli. In
addition, rapid ventricular burst pacing at multiple rates up 
to 300 beats/min was performed. Short ventric::iar ramp 
p:jcing (pacing at a gradually increasing rate) was performed 
up 1.0 a maximal pacing rate of 300 beats/min. 
Cryosurgery. Frigitronics liquid nitrogen and nitrous ox- 
ide cryoprobes with circular probe head iameters of 1.5 cm, 
with the tip temperature at - 196°C and -76°C. respectively, 
were used to create two to four cryolesions in the left 
ventricular myocardium of the nol*mothermic beating heart 
for I. 2. 3 and 4 min. After adequate hemostasis, the 
thomcotomy incision was closed in layers. The dogs were 
allowed to survive for 6 weeks, when they underwent 
reexploration through the same incision under anesthesia. 
New epicardial pacing wires were placed at the same sites 
used in the initial study. The electrophysiologic study was 
repeated in 12 of I8 dogs before death was induced. 
Postmortem studies. At the time of postmortem examina- 
tion of the I8 dogs. each cryolesion was sectioned carefully 
through its center under x2.5 magniaymg glass. and mea- 
surements were made of the epicardial diameter (2x radius 
[rl) and intramural depth (d) imensions of each cryolesion. 
Measurements were made from fresh tissue to avoid fixation 
artifact and again after fixed sections were stained with use 
of the Masson trichrome technique. The volume of each 
lesion was measured on the basis of size and shape. For 
&late hemispheroid lesions (r > d), volume = (I/2) (4/3) 
(rid) and for prolate hemispheroid lesions (d > r), volume 
= (I/2) (413) (prd?. Data were analyzed for comparison by 
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Figure 1. Graphic demonstration showing significant increase in the 
size of cryolesions created with the liquid nitrogen cryoprobe 
(L.N.C.) at - 196T as compared with those created with the nitrous 
oxide cryoprobe (N.O.C.) at -76°C. Results include standard error 
bars. 
using standard computer programs for mean value and S 
and a Student t test for unpaired data. Representative tissue 
was stained with hematoxylin-eosin for histologic evalua- 
tion, 
size. Eighteen 
dogs were examir,ed: nine dogs in the liquid nitrogen group 
(Group 1. 30 IeFicns) and nine in the nitrous oxide group 
(Group II. 3 Icsions). Gross postmortem examination of
each cryolesion showed well defined and easily identifiable 
lesions closely adherent to the pericardium. There was no 
evidence of rupture. thinning or bulging at the site of any 
lesion. Figure I depicts the volume of the lesions created 
with liquid nitrogen and nitrous oxide. Lesions created with 
liquid nitrogen had  significantly greater volume: +68% at 
1 min (p < 0.0051, +65% at 2 min (p < O.OOS), +72% at 3 min 
(p < 0.005) and t-61% at 4 min (p < 0.005). Furthermore, 
although differences did not reach statistical significance, the 
lesions (measured in mm) were deeper in the liquid nitrogen 
group than in the nitrous oxide group at the same length of 
exposure time: 4.8 2 0.8 versus 3.4 + 0.5 at 1 min, 5.9 2 0.9 
versus 4.9 t I .3 at 2 min, 6.1 + 1.3 versus 5. I rf: I .2 at 3 min 
and 7.1 5 1.7 versus 5.3 5 1.2 at 4 min. There was little 
change in the volume of the lesions created with nitrous 
oxide after 3 min; however, the volume of the lesions created 
with liquid nitrogen continued to illcrease to 4 min (Fig. I). 
Electrophysiologic effects. Twelve of the 18 dogs (7 in 
Group I, 5 in Group II) underwent paired elec:rophysioloiTic 
testing at baseline and 6 weeks after cryosurc,<ry (Fig. 2). At 
baseline study, three dogs (two in Group I. one in Group II) 
were vulnerable to induction of sustained ventricular ar- 
rhythmia (ventricular fibrillation in all rdses). At 6 weeks, 
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re 2. Graphic representation of the number of dogs with induc- 
‘ned ventricular tachycardia or ventricular fibrillation 
.E-LESION) and after (~~§T~~~S~~~) the creation of 
cryolesions. The ~st~~~s~ indicates that the same dog (in the nitrous 
oxide group) bad inducible arrhythmia both before and after cryo- 
surgery. 
sustained atThythmia remained inducible only in the dog in 
group II with arrhythmia ~~d~~~~i~ity at baseline. Atbaseline 
study, sustained arrhyt ia was not inducible in ine 
(five in Group I, four in up 11) and remained nonindu 
eks. Therefore, at 6 we 
became nonindu 
Figure 3. Masson trichrome staining of the cryo- 
lesions in left ventricular nvocardium (original mag- 
4 min. 
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with those created by nitrous oxide at -76°C at various 
exposure times. Epicardial placement of the cryoprobe on 
the left ventricle was used in this study to ensure uniform 
contact with the myocardium on a smooth surface. This 
study demonstrates that the cryolesions have significantly 
greater volume when the cooler cryoprobe with the liquid 
nitrogen machine is used. 
Histology. Like the lesions created by nitrous oxide (41, 
nil lesions created by liquid nitrogen had sharply defined 
bo.ders and were easily identifiable. No lesion created by 
the liquid nitrogen cryoprobe demonstrated any evidence of 
hssuring or cracking. There was no bulging at the site of the 
lesions, and there were no postthaw hemorrhages early after 
thr> procedure or on postmortem examination 6 weeks later. 
:,iquid nltrogen tank, The liquid nitrogen machine used 
in this study is designed to deliver the liquid nitrogen to the 
cryoprobe tip at high pressures. Its large tank size (IO liters) 
and multiple pressure valves make it easy to operate. Han- 
dling of the liquid nitrogen required transfer of the fluid from 
a larger storage tank to the IO-liter tank before each opera- 
tion. Such transfers required special handling with protec- 
tive gloves and eye wear. With increasing use of liquid 
nitrogen, liquid nitrogen tanks designed for the cryo- 
machines in use will undoubtedly become available, as they 
currently are for the nitrous oxide cryosurgical machinery. 
Electrophysiologic effects. Electrophysiologic studies 
with programmed stimulation performed before cryoablation 
and immediately before induced death showed no difference 
in arrhythmogenicity created by the two therapeutic meth- 
ods. Neither technique appeared to foster arrhythmia induc- 
ibility despite the appreciable scarring caused by the cryo- 
abl,bt;cn. The relatively high rate of induction of ventricular 
fib rllation at the Initial study is likely attributable to the use 
of up to three extrastimuli delivered at 4x diastolic threshold 
(1 I) as compared with the study of El-Sherif and associates 
(12,13), which utilized up to two extrastimuli at 2x diastolic 
threshold. BiCarlo et al. (14) reported the induction of 
ventricular fibrillation at electrophysiologic study in 8% of 
patients without a history of sustained ventricular arrhyth- 
mia and observed no instances of cardiac arrest during >2 
years of follow-up. This experience has been supported by 
others (15) and suggests that the induction of ventricular 
fibrillation may represent a nonspecific response. By con- 
trast, induction of ventricular tachycardia is rare in the 
absence of structural disease or a history of this arrhythmia, 
It is well established that in the normal canine or human 
heart, programmed stimulation can induce ventricular fibril- 
lation (16,171. Therefore, we believe that the induction of 
this arrhythmia in normal hearts at baseline study before 
cryoablation is nonspecific. However, induction of ventric- 
ular tachycardia or ventricular tibrillation after creation of 
the cryolesions may be clinically significant. Because ven- 
tricular tachycardia was not observed and ventricular fib& 
lation was observed only in a dog previously vulnerable to
induction of this arrhythmia, we believe that these forms of 
cryoablation do not increase susceptibility to induction of 
potentially clinically important ventricular arrhythmias. 
Conclusions. The lower failure rate in ventricular tacby- 
cardia surgery with regional cryoablation or adjunctive cryo- 
ablation as compared with that achieved with en i al 
resection alone demonstrates that endocardial on 
does not reach all foci and that cryosurgery must reach some 
of the areas not easily or safely resectable (18). This exper- 
iment demonstrates that liquid nitrogen cryosurgery pro- 
duces larger lesions than those produced by nitrous oxide 
cryosurgery. Our own clinical experience demonstrates the 
safety of adjunctive li d nitrogen cryQs~rgery (19). Addi- 
tional uses may be fo rocedure in the treatment 
of arrhythmias. 
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